Intellectual disability is characterized by significantly impaired cognitive abilities and is due to various etiological factors, including both genetic and non-genetic causes. Two of the most common genetic forms of intellectual disability are Fragile X syndrome (FXS) and Down syndrome (DS). Recent studies have shown that proteins altered in FXS and DS can physically interact and participate in common signaling pathways regulating dendritic spine development and local protein synthesis, thus supporting the notion that spine dysmorphogenesis and abnormal local protein synthesis may be molecular underpinnings of intellectual disability. Here we review the molecular constituents regulating local protein synthesis and spine morphology and their alterations in FXS and DS. We argue that these changes might ultimately affect synaptic homeostasis and alter cognitive performance.
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Genetics of FXS and DS
Emerging evidence shows that regulation of local protein synthesis in dendritic spines plays a crucial role in controlling synaptic morphogenesis and synaptic efficacy. Furthermore, aberrant dendritic spine morphology appears to be a consistent feature seen in various neurodegenerative, neuropsychiatric, and neurodevelopmental disorders including Alzheimer's disease (AD) [1-3], Parkinson's disease [4, 5] , schizophrenia [6] [7] [8] , Rett syndrome [9,10], FXS [11] [12] [13] , and DS [14] [15] [16] . Although these neurological disorders result from varied genetic mutations or arise sporadically, a common underlying mechanism may be altered regulation of local protein synthesis in dendritic spines that ultimately affects spine morphology and neurotransmission. However, the molecular components involved in regulation of local protein synthesis are not well characterized and how dysregulation of local protein synthesis leads to these neurological disorders, particularly the various forms of cognitive impairment that characterize them, is unclear.
One protein implicated in spine dysmorphogenesis and intellectual disability is Fragile X Mental Retardation Protein (FMRP) [12] [13] [14] . The absence of FMRP causes mental impairment and dendritic spine abnormalities in FXS patients [11] [12] [13] (Table 1) . FXS is the most frequent cause of intellectual disability due to mutations in a single gene. Individuals with FXS have intellectual disability as well as various abnormal physical features including elongated face, large or protruding ears, large testes (macroorchidism), and behavioral characteristics such as stereotypic movements (e.g., hand-flapping) and social anxiety [14, 17] . FXS is associated with increased expansion of the CGG trinucleotide repeats in the 5 0 untranslated region (UTR) of the fragile X mental retardation 1 ( fmr1) gene that are hypermethylated, which results in transcriptional repression and absence of FMRP [17] . FMRP has been shown to regulate local protein synthesis in dendritic spines [13, 18, 19] ; however, mechanistic insights into the molecular components important for local protein synthesis in dendritic spines remain limited. DS, caused by full or partial trisomy of human chromosome 21, is the leading genetic cause of learning disability and the most frequently occurring birth defect in all ethnic groups [20] . DS patients have various clinical features, but the most common abnormalities include intellectual disability, congenital heart disease, craniofacial dysmorphology, hypotonia, and accelerated aging [14, 21] . In particular, a large subset of DS patients develop pathological and neurochemical changes of AD by about age 50 years and there is a substantially increased incidence of cataracts at an early age [21, 22] . There are also reported changes in dendritic spine morphologies at the neuronal level ( 
